In this work we re-examine the correlation between B 0 d,s −B 0 d,s mixing and Lepton Flavour Violation in the light of recent experimental measurements in the Bs system. We perform a generic SUSY analysis of the allowed down squark mass insertion parameter space. In the SUSY GUT scenario this parameter space is then used to make predictions for LFV branching ratios. We find that the recent measurement for the CP phase φs excludes the lowest rates for τ → µγ and provides a lower bound of ∼ 3 × 10 −9 for tan β = 10. Future experimental improvements in the bound on τ → µγ and the measurement of φs will constitute a strong test of the SUSY GUT scenario.
I. INTRODUCTION
In recent years there have been great efforts made in the search for New Physics (NP) in the B system which has been seen as an extremely promising place to find NP effects as deviations of flavour-changing neutral-currents (FCNC) from their Standard Model(SM) expectations. The first measurements of B s −B s mixing have been observed at D∅ [1] and CDF [2] experiments reporting a mass difference, 17 ps −1 < ∆M s < 21 ps
(90% C.L. D∅) (1) ∆M s = 17.77 ± 0.10 ± 0.07 ps −1 (CDF) (2) The constraints from eq. (2) strongly restrict the allowed parameter space for the NP contribution to B s −B s mixing [8, 9, 10, 11, 12, 13, 14, 15, 16] .
The first measurement of the CP phase associated with B s −B s mixing, φ s , was reported by the D∅ collaboration [3] . More recently, flavour-tagged measurements have now been made by both the CDF collaboration [4] and the D∅ collaboration [5] . Combining these latest results the UTfit group [6] found that the new physics phase deviates from zero by about 3σ,
with β s = 0.018 ± 0.001 and, 
at 95% C.L. There still remains a two fold ambiguity in the measurement due to the symmetry in φ s → (π − φ s ).
In the B d system the measured mass difference given by the "Heavy Flavour Averaging Group"(HFAG) [17] is, ∆M d = 0.507 ± 0.004 ps 
A very appealing model of NP is the supersymmetric grand unified theory (SUSY GUT). In such models there is a deep underlying connection between quarks and leptons above the GUT scale. For example in SU(5) the singlet down quarks are related to the lepton doublet as they live in the same5 representation. This deep relation between down quarks and leptons is broken at the GUT scale but its presence may still be felt all the way down at the Electroweak scale. As a result of this relationship the right-handed down squark and left-handed slepton mixings are related to each other. In such SUSY GUTs there is hence a deep connection between LFV rates such as BR(τ → µγ) and FCNCs such as B s −B s mixings and its associated CP phase [18, 19, 20, 21] .
In this work we re-examine the correlation between FCNCs and LFV rates in SUSY GUTs. Specifically we are interested in the connection between the allowed NP parameter space of B s −B s mixing and the rate of τ → µγ.
To this end we first perform a generic SUSY analysis, of the allowed parameter space of down squark mass insertions δ d RR . Our analysis in generic in that no particular SUSY-breaking mechanism shall be assumed. Having determined the allowed parameter space we then exploit the GUT relationship of squark and slepton mass insertions to make realistic predictions for the rates of τ → µγ, τ → eγ and their ratio. Recently a similar study was undertaken [19] on the correlation between LFV and B q mixing. We believe that the NP contribution to B d mixing was under-estimated in that work leading to overestimates for the branching ratio of τ → eγ. In this work we use an analytic form for the gluino contribution to B d mixing derived in appendix A in the mass insertion approximation. This allows us to correctly compute the NP contribution to both B d and B s mixing. Furthermore the recent measurement of the CP phase φ s has prompted a re-examination of this correlation. Crucially we find that these recent measurements severely restrict the allowed parameter space and provide a lower bound arXiv:0710.5443v3 [hep-ph] 11 Jul 2008 for the rate of τ → µγ. Finally, we explore an example of an SO(10) inspired model and discuss the tension between the constraints of LFV and FCNCs.
II. CONSTRAINTS ON THE SUSY CONTRIBUTION TO Bq MIXING
The ∆B = 2 transition between B q andB q mesons is defined as,
where M Bq is the mass of the B q meson. We can then define the B q mass eigenstate difference as,
and its associated CP phase,
In the Standard Model M q 12 is given by, (10) where G F is Fermi's constant, M W the mass of the W boson,η B = 0.551 is a short-distance QCD correction identical for both the B s and B d systems. The bag parameterB Bq and decay constant f Bq are nonperturbative quantities and contain the majority of the theoretical uncertainty. V tq and V tb are elements of the Cabibbo-Kobayashi-Maskawa (CKM) matrix, and S 0 (x t ≡m 2 t /M 2 W ) = 2.32 ± 0.04. The NP contribution to B q mixing may be parameterized in a model independent way as, (12) where
denotes the relative size of the NP contribution. The dominant SUSY contribution to B q mixing comes from the gluino contribution which may be written as,
Here we have ignored terms proportional to δ d RL,LR mass insertions as they are expected to be heavily suppressed due to constraints from b → sγ [18] . In appendix A we give details of the functions a We can now constrain both the magnitude and phase of the NP contribution, r q and σ q , through the comparison of the experimental measurements with SM expectations. From the definition of eq. (11) we have the constraint,
for r q and σ q . The values for ρ q given by the UTfit analysis [6, 7] at the 95% C.L. are, 
Here [6, 7] gives the 95% C.L. constraints,
In order to consistently apply the above constraints all input parameters are chosen to match those used in the analysis of the UTfit group [6, 7] with the nonperturbative parameters,
Now we have a clear picture of the constraints to be imposed on the r q − σ q plane as listed in eq. (14) (15) (16) (17) (18) (19) . In the following sections these constraints shall be used in a generic SUSY analysis of the mass insertion parameter space, followed by a study of the correlation of B q mixing and LFV rates in the minimal SUSY GUT.
III. CORRELATION BETWEEN Bq MIXING AND LFV RATES IN SUSY GUTS
In many ways the prototypical GUT is SU (5) as it is the minimal group which can unify the gauge group of the Standard Model. In the SU(5) GUT the quarks and leptons are placed into 10 = (Q, u c , e c ) and5 = (L, d c ) representations. Due to the symmetry of this simple SUSY GUT there exists relations amongst the slepton and squark soft SUSY breaking masses,
These relations hold for scales at and above the GUT scale. Interestingly this implies that left-handed slepton mixing and right-handed down squark mixing are related. This relation can still be felt very strongly at the Electroweak scale in the correlation of LFV rates and FCNCs. Further renormalization group(RG) evolution down to the Electroweak scale has very little effect on the size of these off-diagonal elements [18] . So we may assume that these GUT scale values are approximately equal to their values at the electroweak scale. Hence it is a fair approximation to assume that (m
contributions to LFV are clearly correlated. We may explicitly write the rate of l i → l j γ in the very suggestive form [19] ,
where mq is the average squark mass and M S is the typical SUSY scale.
We also need to consider the RGE effects of the CKM mixings in the left-handed down squark matrices. These effects can be approximated as,
Here m 0 is the universal scalar mass, A 0 the universal Aterm and M * is the scale at which the flavour blind soft SUSY breaking is communicated. These effects may be quite important in the δ 
here we have made use of the ratio, |a
2 , as derived in appendix A. This relation differs from that derived in [19] where it was assumed that, a
In appendix A we show the full form of the functions a 1 and a 4 where it is shown that the correct ratio is |a
As a result the allowed parameter space for the mass insertion (δ 
IV. NUMERICAL RESULTS AND DISCUSSION
In this section we shall show the results of numerical calculations of our generic SUSY analysis of the allowed parameter space for the mass insertions (δ In fig. 1 we show the allowed parameter space for the mass insertion (δ From these allowed regions of parameter space we can plot the corresponding allowed regions of the r q − σ q parameter space. These are shown in fig. 3 and fig. 4 . Without the restrictions from the CP phases φ d,s the allowed regions of parameter space form loops in the r q −σ q plane. The constraints from the CP phases represent slices as shown in [8, 12] . The accurate measurement of φ d leaves the allowed region of parameter space as a thin slice shown by the green points in fig. 3 . On the other hand, the present measurement of φ s has a two fold ambiguity shown by the two green wedges in fig. 4 . Next we would like to discuss the implications of this allowed parameter space on predictions for the LFV rates of τ → µγ and τ → eγ. We have shown that in a SUSY GUT the mass insertions associated with the off-diagonal down squark mass matrix elements and those of the sleptons are clearly related. This relation leads to a strong correlation between the B q mixing and LFV rates. Here we would like to expose this correlation in making realistic predictions for LFV rates and to extract information about the NP CP phase. 3 × 10 −9 . This second allowed region is just below the present experimental bounds for the branching ratio, BR(τ → µγ) < 6.8 × 10 −8 BaBar [22, 23] and BR(τ → µγ) < 4.5 × 10 −8 Belle [24] . From these plots it is clear that improvements of the bound on τ → µγ in conjunction with an improved measurement of φ s will provide a much stricter test of the SUSY GUT scenario.
FIG. 4:
The allowed region of the rs − σs parameter space for the NP contribution to Bs mixing. Points in Red agree with the constraint from ∆Ms, while green points also agree with the φs measurement both at the 95% C.L.. The ratio of the branching fraction of τ → µγ and τ → eγ is less dependent on the SUSY parameter space and so it is interesting to consider the allowed size of this ratio. Using the parameter space of (δ → eγ) . Fig. 7 shows the resulting plot of BR(τ → µγ)/BR(τ → eγ) plotted against the prediction for the NP CP phase φ NP s . We can see that the numerical results show this ratio ranging from 0.01 up to tens of thousands. Applying the constraints from the CP phases φ d,s implies that this ratio must lie in the region 10. This large ratio is again due to the suppression of the (δ d 13 ) RR allowed parameter space due to the smallness of the mass difference in the B d system as opposed to the larger mass difference in the B s system. Here our results disagree with those presented in [19] due to their erroneous assumption of the ratio a Let us now look at a specific example of a simple SUSY GUT. The example we pick is an SO(10) inspired model as introduced in [20, 26] . In this model there are two Higgs representations one for the up/neutrino and down/charged lepton Yukawa couplings separately. The neutrino Yukawa coupling is then related to the up quark Yakawa, where two limiting cases are possible; (i) Y ν has CKM like mixing, (ii) Y ν has MNS like mixing. It is assumed that SO(10) breaks to SU(5) at the scale M 10 and further breaks to the SM gauge group at the scale M GUT . Assuming that the flavour blind SUSY breaking occurs at the scale M * = M 10 = 10 17 GeV, then the mass insertions can be written as,
where the matrix V is V CKM and U M N S for case (i) and (ii) respectively. The scale M R ∼ 10 15 GeV is the scale of the right-handed neutrinos. Case (i) produces relatively small LFV rates with (δ 
V. SUMMARY
In this work we have re-examined the constraints imposed on the parameter space of NP contributions to B s and B d mixing in the light of recent measurements of ∆M s and its associated CP phase φ s . These constraints were then imposed to make a generic SUSY analysis of the allowed parameter space of the mass insertions (δ In SUSY GUTs there is a deep underlying connection between (s)quarks and (s)leptons. In such a theory we should therefore expect that the flavour mixings observed in the quark and lepton sectors are correlated. Assuming that such a SUSY GUT exists, we have re-examined the correlation between LFVs and FCNCs.
From our numerical analysis we have found that the allowed parameter space for the mass insertion (δ d 13 ) RR is particularly restricted by the present measurements of ∆M d and φ d . This is due to the small mass difference in the B d system compared to the B s system. As a result, the predicted branching ratio for τ → eγ is particularly suppressed. On the other hand, the present experimental determination of ∆M s and particularly φ s are not yet so restrictive on the allowed values of (δ d 23 ) RR . The larger mass difference in the B s system also means that the predicted values of the branching ratio of τ → µγ are much larger and close to the present bounds from the B factories. The main conclusion of this work is that the recent measurement of φ s substantially restricts the allowed parameter space and excludes the region where the lowest rates for τ → µγ are to be found, leading to a lower bound of ∼ 3 × 10 −9 for tan β = 10. Future experimental improvement of the bound on the decay rate τ → µγ and the measurement of φ s will lead to a strong test of the SUSY-GUT scenario. We have also considered a specific example of a SUSY SO(10) GUT and found there to be significant tension between the constraints from FCNCs and LFV decay rates. To examine the contributions from new physics we may write the ∆B = 2 effective Hamiltonian in the following form,
The operators are defined as,
We shall also need to define the hadronic matrix elements of the above operators such that,
where we have defined
. The values of the bag parameters have been calculated on the lattice and can be found in [25] .
The dominant SUSY contribution is from the gluino, which gives the following Wilson coefficients [27, 28, 29, 30, 31, 32 ] So we can write the approximate functions as,
